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BACKGROUND OF THE INVENTION 

100011 This invention relates generally to electric motois and more Partj-cula^ to 
pump. Electnc moiors ^ rnmmerclallv available bearings hgve 

«r th. inner race thereby allowing some degree of radial and axial play. 

ap^ab^ reduced *«.ugh m^. ^ ^ 

wear. 

thus also accelerating wea(^ 
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100031 Aocordlng.y,mereisaneedforamotorha«lngaconsistenlp,«loadunder 

all operating conditions. 

BRIEF SUMMARY OF THE INVENTION 

,0004] The above-mentioned need is met by the present invention whteh 

p^vides a motor having bearing assemblies preloaded to remove axial and ..d,a 

piay thereftom. The inner and outer mces o. each beadng a» seorred to 

L components to which they are attached. The motor Is constn-cted -^"-"^ 

having ccemcients of them,ai expansion sel^ such ««. the selected p-eload wll 

be retained throughout the motors operating temperature range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The subject matter .ha. is regarded as the inven«on may be best 
undeitood by ret^nce to the folK^ing descrip«cn «Ken in con,unct»n wrth the 
accompanying drawing figures m which: 

10006] Figure 1 is a side elevational view of a ball bearing in a rest «^.f on^ 
[0007] ngure 2 is a side elevational view of *e bail bearing of F^ure 1 ,n a 
preloaded condition. 

roOOSl Figure 3 is enlarged view of a portion of the beanng of Figure 2. 

10009] Figure 4 is a side elevational view of a first embodiment of a motor 

constnjcted in accordance with the present invention, 

[001 0] Figure 5 is a side elevational view of a first alternative arrangement of the 
components of the motor of Figure 4. 

[001 11 Figure 6 is a side elevational view of a second altemative arrangement of 
the components of the motor of Figure 4. 

[00121 Figure 7 Is a side elevational view of a third altemative arrangement of the 
components ofthe motor of Figure 4. ♦^f^rnntor 
[00131 Figure 8 is a side elevational view of a second embodiment of a motor 
constmcted in accordance with the present Invention. 
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10014] F,gu>«9isasK.eelevationa.viewofafi«taltemaliveanangeme,rtof»he 
comoonents of the motor of Figure 8. 

^ 10^3 swe e^va«ona, view of a second a«emaave arrangen^n. of 

the comoonents of the motor of Figure 8. 

SlT^FIgure 11 .s a sU.e e,eva«ona, view of a mO a«ema«ve anangement o, 

the components of the motor of Figure 8. 
DETAILED DESCRIPTION OF THE INVENTION 

,00171 Referring to the drawings wherein Identical reference numerals denote the 
Ceie^rthlghou, the various views. Figure 1 shows a schematic ^ of a 
haThlring 1 including generali, cylindrical, concentrically disposed ,n^ 
Z outer races 2 and 3. An array of haiis 4 are mounted between *e re^. "^.e 
bails 4 may t« separated and located by a cage 5 as shewn. "The baMs 4 are 
n in arcuaL grooves 6 and 7 formed in «,e inner and ou^r ra^s 
TTK, grooves have a radius of curvature greater than the radius of the 

Becau» of spacing between the various elements, the beanng 1 has a radra^ 
^Zel L d recon denoted "R", and an axial clearance In the d,rec,»n 
^ -A". These clearences allow reU^ive radial and ax^l motion between the 

Z^ZZ Lnng 1 in a preloaded cond«.n. An a.a, preload 
T-s apS - tHe Ung 1 . *e direc«on of arrow P, This causes ^ ,nne 
Z2 Jim axlally with respect .0 «« outer rece 3. As ^''^ -^/^^J 
Flaure 3 The axial motion Is stopped by the interference of the balls 4 wrth the 
S-lnl'nnerandouterraoes. 

L greoves. relative axial motion of tt» bearing ,ac«s causes a "^'"^ eff^ 
Zl prevents relative redla. moBon between .He Inner and outer ra^s^ an 

7 , mnv he used to remove both axial and radial play from a baU beanng. 
ZrtmTgrr.:present.ve„«on.F.ure4showsa«rst^^^ 

of a motor 10 constmcted in accordance with the present ,nv«nt»n. The .Humeri 
example Is o, a bmshless pem»nen. magnet DC motor, bu, the operaUve pnncple 
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Of the present Invention is equally application to other types of moles as well The 
lic Iponents o,*e nK>tor 10 are a housing 12, an end be. 14. a sta^r 16^ 
.otor assembly 18. a front bearing 20, a rear bearing 22. ar^ a spnng 24. J» 
housing 12 is a generally cylindrical, open^nded member .nduding an axra^ 
extendlg portion 26 and a fl^nt end plate 28 which has a fn^nt beanng pock^ 30 
ZTZ^. The f«««. .nd Plate portion o, the housing 12 oouM aiso be^ 
separate component attached by a variety of methods, for example, screws. p««s 

7^. eL. The housing 12 may be termed by any Knc >«icd .nCud»^ 

Ling, forging, machining, powder metallurgy, etc. The end bell 14 « a member 
to CoL o. the rear end o, the housing 12 and is attached to the ^rend <^ 
the housing 12. fbr example by the machine screws 32 shown ,n Figure 4 The end 
a -ear bearing pocket 34 fOmred therein. The stator 16 is o, a Known 
type comprising an array of plates wound witt, colls of wire. The -^-'-^ 
« oompLs a Shaft 36 having a centra, portion 38. an axially extending front sh^ 
ILnsion 40. and an axially extending rear shan extension 42. A plu«l«y of 
C^Int magnets 44 are secured to the outer sur.^ of the central person Jor 
ZTple With an adhesive. The front bearing 20 is of a lm<«m roning^lemenU^e 
such as a ball bearing. Ite outer race 46 is received in the flon, beanng pocKet 30. 
and its inner race 48 receives the f»nt shan extension 40 of the roter assembly 1 8. 
The rear bearing 22 is also of a known roBng^ment type such as a ball beanng^ 
rolr race ^ is r«eived in rear bearing pocket 34. and «s inner ra«^ 
Lives a person of the «ar shan extenston 42. In the illustrated exampte *e 
:°„gisa:mpressk,n-typecoi.spHng.However.thespdng24may^c^^^^ 
lich fite in the space provided for it and whfeh pcovkies the requued preload fbrce. 
A belleville spring washer could be used, for example. 

IT The mlr 10 is assembled so that a preload Is app«ed to the beanngs 20 
and L Which removes ail axial and radial piay in each beartng as "escri'.ed ^t^^ 
The preload is applied such that the Inner races of the bearings ^ b^ed n 
opposite direcBons. An exemplaiy assembly sequence « -'J^'^^ 
Zring 22 is assembled te the end bell 14. The outer rece 60 of the rear beanng 22 
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« secu,^ to the end l>ell 14 so that it cannot move relative to the end ben 14, for 
example by press m, adhesive, tack welding, brazing, or the lil.e. The f««t beanng 
ro IS L aLmbled to the housing 1 2. The outer race 46 of the *ont bean.^ 20 « 
secured to the housing 12 so that It cannot move relative to the housing 12, m a 
mannerslmnartothe rear bearing 22. .„.n^.he 
[0021] The spring 24 Is then assembled to the front shaft extension 40 of the 
rotor assembly 18, and the rotor assembly 18 is then inserted in the ^"-"Sj^. One 
end of the spring 24 bear* against the inner race 48 of the front beanng 20 and me 
other end of the spring 24 bears against the central portion 38 of the ro^ assembiy 
18 The end bell 14 is subsequently attached to the housing 12 which places the 
rear shan extension 42 Into the Inner .ace 52 of the rear bearing 22. The action of 
«,e compressed spring 24 forces .he inner races of each beanng ou^ard ,nto a 
condl«on where ali axial and radial play Is elWna.«i. This creates a preload force of 
a magnitude detemiined by the ohaiacterislicsoflhespnng 24. 
0^, Finally, the inner race 48 of the front bearing 20 is secured to «,e front 
Shaft extension 40, and the inner 52 of the rear bearing 22 « secured to r^r 
shaft extension 42, so that no retetive motion can take plac« ""^^ ^ 
inner reces and the rotor assembV 18. The Inner race* may be secured to the roto 
assembly 1 8 by a variety of methods, as described above. Tlius me '^^^^ 
me motor 10 are secured in a position whid, mamtalns me preload created by me 
spring 24 during the assembly process. The arrangement eliminates all axrel and 
radial play from me bearings and shaft. ,.k» „.„h,r 10 

[00231 Rgure 5 illustrates a motor 110 which is a vanation of me motor 10 
depicLd m Rgure 4. In this instance, me spring 24 is placed over the re«^aft 
ex^nsion 42 of the retor assembly 18, between me central pori»n 38 of the shaft 88 
and me Inner race 52 of the rear bearing 22. The assembly and op^abon of me 
™^or 110 is omerwlse similar to mat of me example Illustrated .n F«ure 4 and 

described above, ' -i n thp* 

[00241 Figure 6 illustrates another variation 210 of 

construction is again generally similar to mat illustrated in Figure 4.above, me 
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prim»y difference being the. *e spring 24 bea« on the outer race of Ihe bearings, 
as described in detail below. on K=ir»c 

0025, Assembly of the motor 210 starts with ^^""^ 
assernbted to the housing 12. The outer race 46 of the front beanng 20 « secured to 
ri ng 12 so that it cannot move .,atK,e to the housing 12, fdr exampie by 
Zss fit adhesive, tack v^eiding, bra^ng, or the like. The rotor assembly 18 « 
"Zl^ to the housing 12. The inner race 48 of the front bearing 20 is secured to 
rit Shan extension 40 so that It cannot move «ia«ve to the front shaft 

^^Ti^ring 22 is then assembly to the «.or assembly 18. The inner ra^^2 
o, the .ear bearing 22 is secured to the ,«ar shan exten^on sc . canno jve 
«,a«ve to the rear shaft extension. The spring 24 is assembled to the end be» 14^ 

Lg insert*, in the «ar bearing pocRet TKe end bell 14 is ^^"^^''^ 
housing 12which.nse,U the rear bearing 22 into««endbe.l14^Thespnng24thus 

mates between the end bell 14 and the outer race 50 ofthe rear beanng 22. 

^ acBon of the compassed spring 24 .bn=es the inner races o each 
Sg out^rd into a conditK. where a« axial and radial play is ^^^ J^ 
creates a preload ft,rce of a magn^ude detem^lned b, «» charac.ens.cs of the 

Si'"' Finally, the outer race 50 o, the rear bearing 22 is secu»d to the be« 
Tsl «iat no relatwe mo«on can take place between outer race 50 and the e,«^ 
^i, 14 THe outer mce 60 may be secured to the erui be» 14 by a vanety ^ 
ZL. as described above. Thus, the components of the motor 210 a» secu«d 
rr position which mainuins the preload provided by the spring 24 dunng *e 
p^cess. This arrangement el,mina.es all axial and radial play from the 
bearing/shaft mechanism. 

Fioure 7 illustrates a variation 310 of the motor 210. In this instance, the spnng 24 » 
pia^ r«,e fn^nt shaft extension 40 o, the rotor assembly 18. betw^n the 
12 and the outer race 60 of the .ear bearing 22. The assembly and 
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operation of this vanation is othe™ise similar to that of the exampie lliustmted in 

Figure 6 and described above. 

,00281 Figure 8 shows a second eml»diment of a motor 410 constructed .n 
accordance with the present invenUon. This type of motor is sometimes referred to 
as a cantile«e«d design because of the relationship of the rotor assembly to the 
bearings. The basic components of the motor 410 are a housing 12, a stator 16 a 
rotor assembly 18, a front bearing 20, a -ear bearing 22. and a preload spring 24. 
The housing 12 is a generally cylindrical, open^nded member including outer axialfc, 
extending portion 26, an inner axially extending portion 27. and a front end plate 28. 
The inner axlaliy extending por«on 27 defines a front bearing pocket 30 and a rear 
bearing pocket 34. The housing 12 may be fom«d by any known method including 
casting, forging, machining, powder metalluw, etc. The stator 16 is of a knov«, 
,ype comprfelng an anay of flat plates wound wHh coils of wire. The rotor assen,b^ 
18 comprises a shaft 36, a magnet hub 37 attached to the rear end of the shaft 36 
and a plurality of permanent magnets 44 secuied to the outer surface of the magnet 
hub 37. fo, example with an adhesive. The front bearing 20 is of a known filing- 
element type such as a ball bearing. Its outer race 46 is received in the front beanng 
pocket 30, and its inner race 46 receives the f^ shaft extension 40 of the rotor 
assembly 18. The rear bearing 22 is also of a known rolling-element type such as a 
ball bearing. Its outer race 50 is received m the rear bearing pocket 34. and its inner 
race 52 revives a portion of the Shan 36. In the illustrated example the spring is a 
compression-type coll spring. However, the spring 24 may be of any type which m 
in the space provided for it and whfch pnwWes the required pretoad force. A 
bellevllle spring washer couW bo used, fbr example. 

[00291 The motor 410 is assembled so that a preload is applied to the beanngs 
20 and 22 Which removes all axial and radial play In each bearing as descnbed 
above. The preload is applied sud, that the bearings are axially biased in opp«*a 
directions. An exemplary assembly sequence is as fbllows. '^7^^ '^ 

assembled to the rotor assembly 18. The rear bearing 22 Is 
housing 12 . The outer race 50 Of tl« rear bearing 22 is secured to the housing 12 

1 
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so that no relative motion can take place between the outer race 50 and the housing 
12 for example by press fit, tack welding, brazing, adhesive, etc. 
The front bearing 20 is assembled to the housing 12. The outer race 46 of the front 
bearing 20 is secured to the housing 12 so that no relative motion can take place 
between the outer race 46 and the housing 12. 

Next the rotor assembly 18 is assembled to the housing 12. placing the shaft 36 into 
the inner races of each bearing. A lock ring 54 is then assembled to the front end of 
the shaft 36. This compresses the spring 24. The action of the compressed spnng 
24 forces the inner races of each bearing inward into a condition where all axial and 
radial play is eliminated. This creates a preload force of a magnitude determined by 
the characteristics of the spring 24. 

Finally the inner races of both the front bearing 20 and the rear bearing are secured 
to the shaft 36 so that no relative motion can lake place between the Inner races and 
the shaft 36. in a manner described above. Ths arrangement eliminates all axial and 
radial play from the bearing and shaft mechanism. 

10030] Figure 9 iliusfrates a motor 510 which is a variation of the motor 410 
depicted in Figure 8. In this Instance, the spring 24 is placed over the front end of 
the shaft 36 between the lock ring 54 and the inner race 48 of the front beanng 20. 
The assembly and operation of the motor 510 is othenwise similar to that of the 
example illustrated in Figure 8 and described above. 

[0031] Figure 10 illustrates another variation 610 of the motor 410 The 
consfruction is again generally similar to that lllusfrated in Figure 8 above, the 
primary difference being that the spring 24 bears on the outer race of the beanngs. 
as described in detail below. 

10032] First, the spring 24 is assembled to the housing 12. The rear beanng 22 is 
then assembled to the rotor assembly 18. The inher race 52 of the rear bearing 22 is 
secured to the shaft so that no relative motion can take place between the inner race 
52 and the shaft 36. for example by press fit. tack welding, brazing, adhesive, etc. 
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,00331 The front bearing 20 Is assembled to the housing 12. the outer race 46 of 
the front bearing Is secured to the housing 12 so that no ,e1a«ve motion can take 
place between the outer race 46 and the housing 12, in a manner descnbed above^ 
,00341 The rotor assembly 18 is assembled to the housing 12. This places the 
shaft 36 into the inner race 48 of the front bearing 20. A iod. ring 54 Is tiven 
assembled to the shaft 36. This compresses the spring 24. The aC^n «.e 
compressed spring 24 foroes the inner races of each bearing inward into a condrtion 
whero all axial and radial play is eliminated. This creates a preload force of a 
magnitudedelem.lnedbythecharacteristlcsofthespring24. 
,00361 nnally. the inner race of the front bearing 20 is secured to the shaft 36 
and the outor race 50 of the .ear bearing 22 is secured to the housing 12 so that no 
^ motion can take place between these components, in a manner descnbed 
above. Ths arrangement eHmlnates all axial and radial play from the beanng and 

shaft mechanism. .... in 

,00361 Figurell illustrates a motor 710 which is a variationof the motor610 

depicted in Figuro 10. In this instance, the spring 24 is placed over the front end o, 
the shaft 36 between end of the front bearing pocket 30 and the outer race 46 of *e 
front bearing 20. The assembly and operaticn of the motor 710 is othen«ise similar 
to that of the example Huslrated m Figure 10 and described above. 
,00371 >Nhiie several basic configurations and methods of assembly have been 
described above, it is noted that the specifte configuration or assembly sequence m 
not criScal to the present inventton. Rather, it is important that a praload be appl«d 
to romove axial and radial play from the rotor and bearing assemblies, and that fte 
inner and outer race of each of the bearings be securad such that no ralaBve mobon 
can take place between the race and the mating component FurthemrK„e. a 
praload must be maintained over the motors operaHng temperature range adequate 
to prese^e a zero-play condition in the axial and radial direcUons. under *e 
expected loads. This is accomplished by the selectton of materials used for the 
housing, rotor assembly, and bearings based on their coefficients of themial 
expanston. The diflerence in coefficients of thennal expansion of *e venous 
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components is minimized. Furthermore, the absolute value of the coefficient of 
linear thermal expansion of each component is minimized, because even if all of the 
components are of the same material, excessive themial expansion will cause loss 
of the bearing preload if the coefficient of linear themnal expansion is too high. 
Examples of materials which are known to exceed the required coefficient of linear 
thermal expansion include brass, zinc, and aluminum. 

10038] An example of a suitable combination of materials is as follows. The bearings 
may be made of a stainless steel alloy such as high carbon chromium steel. JIS 
G4805/SUJ2. This Is consistent with the alloys used in commercially available ball 
bearings, and provides a baseline for the coefficient of linear thermal expansion to be 
matched by the other motor components. Accordingly, the housing, shaft and end bell 
may be made from a stainless steel alloy, such as a 400-series alloy. Altemafvely. 
some of these parts could be made from a low-carbon steel. This combination of 
materials will preserve an adequate preload over the operating temperature of a typical 
motor, for example from about -40« C HO'F) to about 1 05° C (220° F). 
[0039] The foregoing has described a motor assembly for use with a reciprocating 
load such as a diaphragm pump. While specific embodiments of the present invention 
have been described, it will be apparent to those skilled in the art that various 
modifications thereto can be made without departing from the spirit and scope of the 
invention. Accordingly, the foregoing description of the preferred embodiment of the 
invention and the best mode for practicing the inventfon are provided for the purpose of 
illustration only and not for the purpose of nmitation. 
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